Water scarcity has always been one of the most important obstacles in the process of agricultural development in arid and low-rainfall climates. In farming, the water quality also plays an important role; as the poor quality of water can be one of the limiting factors in this sector that in addition to the agricultural problems has also caused soil problems. In this paper, we introduce and study an indigenous method of water conservation and soil protection in the east of Iran termed as "water-colouring" and the role of geomorphologic features of marl hills in one of the rivers located in the southern slopes of the Joghtay Mountain (Kalateh-Sadat Watershed). In this study, field observation, sampling and analysis of water and sediment, physicochemical experiments, SPSS software for statistical analysis and satellite images have been used to produce digital models. Finally, the effects of muddy water and clear water have been compared in terms of chemical quality and productivity of agricultural land. The results show that the method of water-colouring is the best indigenous-economical method for moisture retention and regeneration of the agricultural land soil. Given the statistical reasons and studying the other researches in this field, water-colouring causes change texture and soil composition, fertility of agricultural land and reduce the losses due to evaporation and infiltration.
Introduction
Water scarcity and drought, especially in the hot and low-rainfall seasons, are one of the inevitable phenomena in Iran. Soil erosion, water loss and contamination of water resources are seen to be due to poor control in both water use and soil use and thus affect our life. Iran, because of its special geographical situation, scattered roughness, climate, and the atmospheric fallout, is considered as one of the arid and semi-arid regions of the world. Rainfall in Iran is one-third of the Earth's average rainfall, but the same amount of rainfall also does not enjoy an appropriate distribution in terms of time and place [1] . Drought has caused that the indigenous people seek for problemsolving and finding a solution to reduce the harmful effects of it. Recognition of traditional systems of water resource management that is based on the participation and cooperation of stakeholders may pave the way for planers to newly manage this renewable resource [2] . Soil and water are considered as the most important national resources of each country and sustainable development is achieved by their optimal maintenance and utilization. The relationship between water and soil causes the conservation and protection of each one guarantee the sustainability of the other resource and the waste of one causes a serious threat to the other [3] . Today, the danger of the soil erosion seriously threatens the soils in Iran especially in arid and desert regions [4] .
The appropriate management of soil and water resources in arid and semi-arid regions is one of the most important measures to preserve and rehabilitate the fragile environmental conditions of the desert regions that today much attention is paid to it, because by implementing proper managerial measures we can create the background of sustainable development, prosperity and economic development in these areas [5] . One of the manifestations of the erosion process in the arid regions is the wind erosion [6] .
Wind erosions are usually associated with dryness of air and its rate increases due to loss of soil moisture [7] . In general, the results of researches have shown that with continuation of wind erosion, all lands with different usages go ahead toward siltation and the adhesion rate of soils is reduced more by passing of time that this fact, in addition to the changing of most of soil properties, causes the soil fertility and increases the rate of erosion and with continuation of drought and wind erosion, the problems in arid and semi-arid areas are worsened [8] . Recent studies show that the agricultural lands lose their fertility after a period. Therefore, the use of effective ways for decreasing the speed of this process, reducing energy consumption, and lowering of the water erosion and the wind erosion seems favourable.
The present study was done to investigate one of the traditional methods used by local people of Kalateh-Sadat village located in Sabzevar in Khorasan Razavi province in the east of Iran that is known as "water-colouring" in local terms. Using marl hills existing in the region as a geomorphologic feature, farmers make muddy the river water in order to muddy water with marl reaches the downstream agricultural lands. In this study, we seek to find out whether this traditional method is actually a useful one or not. Can this method be an effective way to protect soil and water and to reduce the devastating effects of erosion and degradation of soil and water resources in this region? Is there a relationship between this method and increasing the capacity of soil moisture?
In recent years, the tendency for retrieval of the traditional knowledge of soil management to be combined with modern methods of soil preservation has increased [9] .
In semi-arid region of Lessi in the northwest of China, sand and gravel are used as mulch. The history of this traditional method dates back to the era of Ching dynasty about 3000 years ago. The mulch of sand and gravel or sand alone causes the preserva-tion of the rare water, the change of hydrologic process, improvement of soil fertility, reduction of evaporation and runoff, saving in soil and water usage, improvement of water infiltration and soil temperature, control of wind and water erosion and increase of biologic activities and soil fertility. However, by development of modern activities, this traditional method is changing and neglecting [10] . Also, on the sediment-producing of marls, some studies have been done by Benito et al. (1991) [11] in Spain, England (1971) [12] in South Dakota in America, Buffalo and Nehon (1992) [13] in France that their results show the strict sensitivity of marls to erosion. The history of the indigenous ways of soil and water management in the world, including Iran, reaches to 3 to 5 thousand years ago. Despite the development of modern methods, these methods are still effective in different areas [14] . Iran is one of the oldest parts of the world where there have been good standards and rules for the use of water and land resources long ago, and anywhere in this land, the traditional operation management of water resources has existed according to the climatic, social, and cultural conditions and agricultural customs [15] . In Iron Duke Mine at Glendale in Zimbabwe, there are pools coating with clay. The condensed clay layers are usually used as a cover to limit the penetration of drainage of the mine acid to surrounding environment from controlling areas or the pool and to prevent the transmission of acidity contamination to the groundwater and surrounding soil [16] . We can minimize the loss of water penetration from constructed wetlands, wildlife refuges, drainage wetlands, runoff collection ponds and other levels of engineering tankage or water ecosystems with deep groundwater levels by artificial liners (plastic, compacted land, etc.) or with natural processes such as accumulation of sediment, chemical and microbiological processes. Sediment accumulation can be increased by adding slurry of soil or muddy water. This will create a layered coverage that has the most control over penetration. In addition, adding sodium carbonate in water reduces the penetration of water as much as possible [17] . Amrani Paza (1998) [18] in a research on southeast watershed of Granada in Spain, by analyzing 171 specimens taken from neogen contracted soil from the southeast edge of Granada watershed and doing standard tests of soil classification for engineering objectives concluded that marl is appropriate as the bed in dams due to its flexibility, high content of carbon and geotechnical properties. Some researchers have studied the role of the chemical properties in infiltration process of water in soil. Oster and Shinberg (2001) [19] as well as Halliwell et al. (2001) [20] demonstrated that high levels of sodium solution reduce the water infiltration rates in soil by reducing aggregate stability, dispersing the particles and inflammation of expansible clays. They also believe that this damaging effect is reduced in the presence of lime and gypsum. Sodium has devastating effects on soil permeability such that reduces water infiltration by creating and developing the superficial crust and dispersion of particles [21] . In contrast, factors such as calcium have desirable effects on permeability [22] . Ajwa and Trout (2006) [22] reported that increasing of fine clay and silt particles reduces the permeability of the soil. Schleiss et al. (2008) [23] by studying three reservoir dams in mountainous regions of Swiss found that the muddy flow was the most important factor in speeding up the sedimentation in these reservoirs. Withworth and Ghazifard (2009) [24] in a research entitled "the membrane effects in clay-lined inward gra-dient landfills" refer to this subject that in the ditches of burial place of sweepings for controlling the transfer of pollution outward and underground waters, people cover the internal slope of the cavity with clay that this coverage acts as the semi-osmosis membrane. Tekwa et al. (2010) [25] The samples taken (before and after making muddy the water) as well as the saturated sample taken from the soil used for making muddy the water were tested to determine the qualitative parameters using standard methods, and Wilcox and Schuler samples were prepared. Eventually we came to the conclusion that after making muddy the water, it did not changed harmfully, its electrical conductivity did not increase significantly, and we face with the increase of the useful minerals for the plant, however, lower than the non-allowed limit and that making muddy the water does not hurt parameters required for agricultural water. Also, this process does not create any obstacle in terms of water quality parameters for drinking.
The study area is located between two east longitudes of 57˚05'39" and 31˚16'57" to north latitudes of 36˚13'59" and 36˚26'12" with an area of 95.83 square kilometers. In terms of political situation, this watershed belongs to Davarzan district of Sabzevar city in Khorasan Razavi province in east of Iran. Figure 1 shows the geographical location of Kalateh-Sadat watershed.
Research Methods and Process
At first, the study area was identified and the limits of Kalateh-Sadat watershed and agricultural lands were determined on the topographic map. Then, to determine the quality of drinking and agricultural water the topographic maps, satellite images, geological maps, library studies, field observation and interviews with local farmers, sampling and analysis of water and sediment specimens and testes to determine the pH, EC, complexometery, flame photometry, spectrometry, granolometery, calcimetry, and Schuler & Wilcox charts were used. Finally, the accuracy of all laboratory results was tested and 1 In Baladeh aqueduct in Ferdows located in Khorasan Razavi that its history dates back to per-Islam and Sassanid period, based on an old custom the water is made muddy using the clay existing in the region by individuals that are known as Tiregar (person who makes the water muddy) to reduce water loss due to its penetration in the path and also decrease the rate of water evaporation [27] . analyzed by SPSS software and for this purpose, Excell, Arc GIS, and SPSS softwares were used to analyze data. In granulometry and calcimetry, the frequency of sediment materials in various drops and the percent of sediment lime were determined for analysis of soil mechanics. To determine the concentrations of the two ions of calcium and magnesium, complexometery or titration was used. The concentrations of sodium, potassium and ferrous were determined using flame photometry and spectrometry. Also, pH and electrical conductivity (EC) of the specimens were measured in terms of micromohus per centimeter with conductivity meter at temperature of 25˚ centigrade. Sodium absorption ratio (SAR) and also solution sodium percent (SSP) were calculated from the following equations:
( ) ( ) SAR Na 0.5 Ca Mg
( ) SSP Na Ca Mg Na K 100
All amounts of cations in the above equations are based on meq/lit [28] .
Finally, Schuler and Wilcox diagrams were prepared to determine the quality of drinking and agricultural water respectively. Then, accuracy verifications of all experimental results were tested in SPSS software through Pearson correlation coefficient and
Mann-Whitney test.
Results and Discussion
The main geomorphologic feature in Kalateh-Sadat watershed is "marl hills" in KalatehSadat village and the impact of these marls on water and soil of downstream agricultural lands. The rate of the elements percent in marl can be effective in improvement or weakening of the soil texture, soil compositions, and the agricultural products in a region. Since Kalateh-Sadat village is located on fans and its downstream lands are located on the floodplain, therefore its specific geomorphologic features can be effective on agricultural activities, especially its irrigation. Desert streams are the cause of dry winds and exacerbation of soil erosion in the region. Strong winds affect the downstream lands and take away fine and soft soil with, the sand remains in place; this leads to soil erosion and degradation of soil texture, especially in the agricultural lands, and therefore moisture is kept in the soil and quickly penetrates in coarse-aggregate soil.
With the beginning of spring and increasing of the temperature, most plants begin their growth and activity, but sometimes water shortage disrupts normal growth of the plant; therefore, we should take advantage of the least available water using different ways and prevent water loss in order the limited water be available to plants for more time. So, in order to maintain soil moisture, we should repair the fine-textured soil with coarsetextured soil in order this becomes possible with small particles of colloidal marl. Water-colouring or making muddy the water in Kalateh-Sadat River upstream with marls in the hills of Kalateh-Sadat village that is done by a resident of the village in order the water impregnated with fine and brick-colour marls reaches to the downstream of the river and irrigates the farm lands of the region. This procedure is done by separating a branch of the main river at upstream and turning it on the marl hills and moving water over the lines of balance curve and creating grooves on these curved lines once every few hours in direction of the slope in the warm and low-rainfall seasons from April to October by a person known as "paint sprayer". water of river, due to marl particles is made muddy and the muddy water penetrates in the bottom of the riverbed and farmlands, and fills the pores and creates a layer with low permeability and in arable lands with putting together soil particles causes soil adhesion and water and soil conservation against the high temperature and winds of the region.
After field observation of the marl hills, the location of the "water-colouring" operation, and the place of incorporation of clear water and muddy water and fields irrigated by muddy water that are shown in Figure 2 , the water samples were taken from 7 points whose characteristics are presented in Table 1 . Then, the specimens were transported to the laboratory and pH, EC, total hardness, calcium, magnesium, sodium, potassium, ferrous and sediment percent of each sample were analyzed. The locations of the water samples taken in the area of Kalateh-Sadat watershed have been shown in lands, the ferrous concentration is higher. The pH of samples due to the presence of alkaline elements (sodium, potassium, etc.) and alkaline earth elements (calcium, magnesium, etc.) goes more towards alkalinity; in other words, the pH of samples of water taken from Kalateh-Sadat River is in enough alkaline level and desirable for use and there is no difference between clear and muddy water samples. The electrical conductivity Table 2 .
Today, the water quality studies have a wide range and include the issues related to the contamination of groundwater and surface water. Therefore, in hydrology studies, along with the quantitative studies of water, its qualitative standards are also investigated [29] . A part of the quality of groundwater and surface water is related to precipitation, but the type of geological formations, the length of passed course and duration of this displacement play the most important role. Concentration of the materials in the water, although in low amounts, plays an important role in the use of the water in drinking, agriculture, and industry. Water-soluble salts affect on the growth of plants and change soil characteristics. Depending on the type of water use, we can follow specific 2 Wilcox classification: low (100 -250), medium (250 -750), high (750 -2250), very high (>2250) [29] . 3 The relationship of the rate of sodium existing in water and SAR has been defined as follows: low sodium (10 > SAR > 0), average sodium (18 > SAR > 10), high sodium (26 > SAR > 18), very high sodium (SAR > 26) [28] . [29] . goals in determining water quality. Water which has not good quality for drinking may be diagnosed good for farming [28] . After the quantitative measurement of elements existing in the water sample of the river and calculation of required parameters, we examined its quality for drinking and irrigation uses. According to Schuler's chart, the quality of Kalateh-Sadat River's water for drinking is at optimal condition and even its total hardness is in good condition. Wilcox diagram also shows that water samples No. 1, 2, 3, 5 and 6 are as good water samples, and samples No. 4 and 7 are the average water samples for irrigation of agricultural lands. Schuler & Wilcox charts are shown in Figure 4 . After the experimental results from different tests on Kalateh-Sadat water samples, examining their impacts on each other and on the whole is obvious. Accordingly, these questions rise: Is there any relationship between the rate of sediment percent and key variables of water quality? Can muddiness affect the fundamental variables of water quality? Therefore, the relationship between the rate of sediment and the EC, pH, TH, SSP and SAR and also the impact of muddiness on water quality were analyzed by SPSS software. At first, we studied the descriptive statistics and frequency, frequency percent and cumulative percent and histogram distribution of data. Then the means of chemical variables in clear water and muddy water were compared that its diagram is shown in Figure 5 .
Since our data are quantitative and numerical, the relationship between them was assessed by Pearson correlation coefficient. Therefore, the Pearson correlation coefficient relationship between the rate of sediment percent and quality variables of water (EC, pH, TH, SSP and SAR) showed a significant linear relationship in direction direct (r = 0.84) and at the error level of 0.05 with total hardness variable (P-value < 0.05). In order to be sure about the lack of correlation between the amount of sediment and other variables, the remote data were deleted and their correlation coefficient were re-assessed, which in this case, a significant direct relationship was found between the amount of sediment and EC and at error level of 0.01 (r = 0.99; P-value < 0.05). In other words, the increase or decrease of the rate of sediment or muddiness of water affect on the total hardness, the electrical conductivity and salinity of water. About the other variables, there is no any linear relationship between them and the rate of sediment percent (P-value > 0.05) and this means that muddiness does not have any role in their increasing or decreasing. The results of the tests are provided in Table 3 .
To compare the effect of muddiness on water quality, Mann-Whitney test was used.
The results of Mann-Whitney test and comparison of distribution of fundamental variables of water quality (EC, pH, TH, SSP, SAR and sediment percent) for clear water and muddy water showed that only the distribution of sediment percent, electrical conductivity and total hardness differ significantly (P-value < 0.05), and there is no difference in the rest of the variables (P-value > 0.05). In other words, we can say that the muddiness has been effective on the rate of distribution of sediment percent, electrical conductivity and total hardness of water, and the rest of the variables have not been significantly changed by muddiness. Test results are presented in Table 4 .
Conclusions
The results of tests and their statistical analysis showed that the muddiness has affected on the total hardness (concentration of calcium and magnesium) and water salinity. The amount of sodium and potassium in the muddy water is higher than clear water, but according to the results of the SSP and SAR in the Mann-Whitney test and correlation coefficient, their increase and impact are not significant and critical. Sodium and potassium existing in the particles of marl cause the separation and distribution of soil particles and filling the pores, reduction of porosity and permeability, and also weakness of the gravity force in directing the water; therefore moisture remains longer in the plant. Also the existence of calcium and magnesium causes the coagulation of many of the clay and humus colloids and increases the soil adhesion and its resistance against wind erosion by preserving its moisture and restoring its coarse texture. On the other hand, an increase in cations of sodium, potassium, magnesium, and calcium in the muddy water increases the cation exchange capacity (C.E.C), chemical activity of the soil and the increased percent basic saturation (P.B.S) of cations in soil which represents the fertility and sufficient nutrient materials of the soil. By investigation of the pH results of water samples as well as that of sample No. 7, it was found that the muddiness of water has no effect on pH and "water-colouring" technique does not change the alkalinity of the soil. Because of the climate of the region, the leaching process has a limited performance; therefore, the dissolution and transfer of the marl particles are slowed down and consequently the marl colloids remain in soil, the resilience of soil is preserved and permeability and porosity are relatively kept down in order to water maintain longer for the plant and its loss is reduced. Basic cations still persist in the soil and soil fertility is maintained. According to Schuler and Wilcox's charts and classification of SSP and SAR, the quality of drinking and agricultural water of Kalateh-Sadat River and even its total hardness is in the ideal condition, and sodium found in the samples is low. So, "water-colouring" causes the fertility of agricultural lands and restoration of soil texture by keeping the alkalinity of the soil, and it can be a natural and effective factor for conservation of water and soil in arid and low-rainfall regions. So the existence of marl hills in the region is optimal to reduce the negative effects of wind and water erosion by increasing the soil adherence for water and soil preservation as a strategy, even if this may be a traditional strategy.
This method can be done in regions with a similar climate of this studied basin.
Therefore, it is appropriate that this study is done with more samples in the certain period of time. Also, maybe this method can be an integrated natural model of geology, geomorphology, pedology and hydrology and the same name can be recorded in the science of geomorphology.
